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ABSTRACT 
 
Surfaces covered by constructed materials (roads, buildings, etc.) are withdrawn from 
photosynthesis and respiration. This loss is counterbalanced to some extent by managed 
vegetation (lawns, trees, etc.), which may be irrigated and fertilized. We are analyzing the 
impacts of development on the terrestrial carbon dynamics of the 48 states. The impact 
will analyzed by comparing ecosystem model runs made using land cover data with and 
without the current level of development. 
 
We are making use of multiple sources of data to define the current pattern of 
development. This includes: 1) radiance calibrated nighttime lights from the U.S. Air 
Force DMSP, 2) road density form the U.S. Census Bureau, and Landsat derived land 
cover from the EPA-USGS National Land Cover Dataset. These data sets have been 
aggregated to the same 1 km grid covering the 48 states (conus). 
 
For calibration, development levels are being measured using gridded point counts made 
on high resolution aerial photography selected to form transects across major urban 
centers and out to sparsely developed areas. This analysis will be extended to Landsat 7 
data in year two. The level of development present in the 1 km grid cells will be 
estimated based on a multivariate analysis of the relations between the observations from 
the aerial photography, Landsat 7 data and the set of national data coverages. 
 
Our results will improve understanding of the carbon budget of the US. With 
modification our methods should be extendible to the global monitoring of development 
and its impact on carbon dynamics, meeting monitoring objectives of UN Framework 
Convention on Climate Change. 



 
QUESTIONS: 
 
1.Our project addresses NASA ESE scientific questions on: a) what are the changes in 
land cover and/or land use  (monitoring/mapping activities), b) what are the consequences 
of LCLUC. 
2.The proportion of Social Science used in your study is estimated to be 75%. 
3.Identify the proportion of the themes that are covered in your project: 25% Carbon. 
 
YEAR ONE GOALS: 
 
A. Nighttime Lights (NGDC): A one km grid of the nighttime lights of the 
USA is being assembled using cloud-free portions of DMSP OLS data acquired during 
1999 and 2000. This product includes an atmospheric correction. Originally we proposed 
to do this using fine resolution (0.5 km GSD) nighttime OLS data, which can only be 
collected via special request to the U.S. Air Force. We were unable to acquire sufficient 
fine resolution data to make the product. As a result we used the standard resolution data 
(2.7 km GSD). Status: Near completion. 
 
B. Aerial Photography (NGDC): We have extracted calibration data on the 
extent of development from high resolution aerial photography utilizing three broad land 
cover classes: 1) constructed materials(development), 2) lawns, and 3) trees/shrubs 
associated with development. We had originally proposed to use NOAA-NOS aerial 
photography and to georeference the data at NGDC. To accommodate the lower project 
funding level, we used commercial aerial photography and a smaller number of analyses 
were completed in Year One than originally proposed. Status: Technique developed, 
calibration data developed for Atlanta, Georgia using eleven 
photos. 
 
C. One km MRLC Land Cover Grid (EDC): A 1 km Albers Equal Area land 
cover grid of conus will be generated by aggregating the 30 meter MRLC land cover data. 
Status: Complete. 
 
D. One km Road Density Grid (NGDC): A 1 km Albers Equal Area grid of 
road density has been assembled for conus using 1998 TIGER data from the U.S. Census 
Bureau. 
 
E. Modeling of Carbon Dynamics (UMt): We tested the model (BIOME-BGC) 
sensitivity to changes in land cover. As expected, changes in land cover from a deciduous 
broadleaf forest to a lawn (C3 grass irrigated and non-irrigated) had significant impact on 
the carbon sequestration. In addition, we made runs of our Regional Eco-hydrological 
Simulation System (RHESSys) over the conterminous U.S at 1km resolution with 
gridded climate, soil, LAI, and 1 km grid MRLC land cover from EDC, generating spatial 
depictions of variations in carbon, water and nutrient budgets. For more details see 
Appendix 1, submitted by Ramakrishna Nemani. 



 
NARRATIVE: 
 
Year One: During year one we assembled the core set of coregistered 1 km grids that 
will be used as inputs into the project activities. We developed a method for estimating 
the percent cover of constructed materials, lawn and trees using gridded point counts on 
color aerial photography. The 1 km land cover grids were successfully used as input into 
test 
runs of the RHESSys model, providing depiction of carbon uptake over conus. A 
sensitivity analysis was performed, confirming that development does have a major 
impact on terrestrial carbon dynamics. 
 
Year Two Activities: 1) Completion of the nighttime lights of the USA (NGDC). 2) 
Expansion of the calibration data from aerial photography to cover other representative 
cities of the USA (NGDC). 3) Development of models to estimate the percent cover of 
constructed materials, lawns, and trees at 1 km resolution for the USA (NGDC). 4) 
Extension of the calibration area coverage using Landsat 7 data (USGS). 5) RHESSys 
model runs to estimate the annual carbon uptake based on 1 km landcover with explicit 
estimates of the percent cover of development, lawns and trees. 
 
New findings: 
 
* BIOME-BGC model runs revealed lawns have lower annual carbon uptake 
than deciduous broadleaf forests. This combined with the lack of carbon uptake for man 
made surfaces suggest that development substantially reduces carbon uptake in cities and 
towns of the eastern USA. See Appendix 1. 
 
* We discovered that the brightness of lights by themselves are not a 
good predictor of the percent cover of constructed material. Adding in road density 
improves the estimate. By adding in the percent cover for high and low density residential 
areas and lawns (along with lights and road density) we were able to get a very good 
prediction of the percent cover of constructed materials. See Figures 1, 2, 3, 4 in 
Appendix 2. 
 
New Products: Coregistered 1 km grids. See Appendix 2. 
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CONCLUSIONS: 
 
All major tasks for year one were completed except for the 1999-2000 radiance calibrated 
nighttime lights of the USA. This will be completed in April, 2001. The project is poised 
to have a very productive Year Two. 
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